Vibration intensity has been used to identify the location of a vibration source in a vibrating system. By using vectors representation, the source of the power flow and the vibration energy transmission paths can be revealed. However, due to the large surface area of a plate-like structure, clear transmission paths cannot be achieved using the vectors representation. Experimentally, for a large surface object, the number of measured points will also be increased. This requires a lot of time for measurement. In this study, streamlines representation is used to clearly indicate the power flow transmission paths at all surface plate for FEM and experiment. To clearly improve the vibration intensity transmission paths, streamlines representation from experimental works and FEM computations are compared. Improved transmission paths visualization for both FEM and experiment are shown in comparison to conventional vectors representation. These streamlines visualization is useful to clearly identify vibration source and detail energy transmission paths especially for large surface plate-like structures. Not only that, this visualization does not need many measured point either for experiment or FEM analysis.
Vibration intensity can be defined as the vibrational power flow per unit cross-sectional area of a dynamically loaded elastic body (1, 2) . This is analogous to acoustic intensity in a fluid medium. 
Theoretical Background

Vibration Intensity Formulation
The instantaneous vibration intensity component in the time domain can be defined as (1) ),
where σkl(t) and vl(t) are the time history of stress and velocity in the l-th direction.
The vibration intensity can be expressed in the form of the net energy flow per-unit width for shells and plates. The energy flow lies in the plane tangential to the midsurface of the structure. 
2.2 Vibration Intensity Computation using FEM By using finite element analysis, all required inputs for vibration intensity computation can be obtained.
In this study, full method for harmonic response solution was used (1, 6, 7) to compute vibration energy flow in an elastic structure. The computation of vibration intensity was carried out on a fully supported steel plate which is 0.5 m long and 0.4 m wide with a thickness of 1 mm. The material properties used for the plate are as follows: the Young's modulus 200 GPa, the Poisson ratio is 0.3 and the density is 7800 kg/m 3 . The plate was modeled using 20 eight-noded isoparametric shell element. A constant damping ratio of 0.005 was used and a point excitation force with a magnitude of 1 N with three different frequencies(46 Hz, 119 Hz and 154 Hz) was applied at the center of the plate. These excitation frequencies are similar to the fundamental frequencies of the vibrating plate.
Experimental Vibration Intensity
For experiment, two accelerometers can be used to measure vibration power flow. As stated in reference (3) , only flexural waves are considered.
As shown in Fig. 2 , the intensity the in x-direction passing through a small cross section of a ( , )
where η represents the displacement of the plate in normal direction(+z) and the The force and the moments can be expressed in kinematic quantities as, ( )
where μ is the Poisson's ratio of the plate, ∇ where E[ ] represents an expected value operation and ImC12 is the imaginary value of cross spectrum (3) of acceleration signals as follows (3) :
In this study, the experimental model was a fully supported steel plate 0.5 m × 0.4 m and 0.001 m thickness as shown in Fig. 3 . To ensure the whole plate was fully clamped, all bolts were uniformly tightened using torque meter. Similar to experimental modal testing, impact hammer(B&K type 4810) was used to apply load at the central plate and two accelerometers(B&K4708) with approximately 10 mm separated distance were used to measure vibration intensity at four closely located points. To ensure the distance between the two accelerometers were constant throughout the experiment, all divided 20 measured points were marked on the plate. Unlike reference (8) magnet or built-in vibration intensity probe were purposely not used to decrease the mass effects of the two accelerometers. The vibration intensity field was measured at 20 different measured points for each Ix and Iy. All measured vibration intensities were then plotted as vector field and streamlines using MATLAB.
Streamlines
The streamlines representation shows the flow as lines at any location parallel to the velocity field. The relative spacing of the lines indicates the speed of the flow. The vibration intensity streamline can be defined as ( , ) 0 dr I r t × =
Where r is the energy flow particle position. For the steady state energy flows the cross product can be written as 
FEM Computation and Experimental Results
FEM computation and experimental results are shown in Fig. 4 to Fig. 6 at each respected resonance frequency. For each figure, computation and experimental vibration intensity visualizations using vectors and streamlines are compared.
Both finite element computation and experimental vector flow reveal the region where the source is applied It can be noticed in all results(see Figs. 4~6 ), the vibration energy emerges at the central plate where the force is applied. Clear transmission path cannot be obtained from the vectors visualization since the small number of measured points. To solve this problem, streamlines representations are shown. The streamlines visualization clearly describes the transmission path of vibration energy at all surface. This visualization is better than the vectors representation which not only indicates the location where the source is emerged, but also the significant pattern of vibration power flow.
From the streamlines visualization, not only the location source is identified, but also the detail vibration power transmission paths can be identified. Comparison between the FEM and experimental results show the streamlines visualization can be a good alternative for experimental vibration intensity. This is because, by using streamlines, tedious measurement and increasing number of measured points can be avoided.
From the FEM computation results, symmetrical vibration power flow pattern is observed. A slight different flow pattern in the experimental work was probably affected by the masses of the accelerometers.
The reflected wave from the boundary condition is also considered as the factor to the slight different between experimental and FEM results. The pattern of the vibration power flow is simple at lower frequency. With the increment of resonance frequencies, the pattern becomes more complex. The reflected streamlines can be clearly seen at higher resonance frequencies for both FEM and experimental results.
Conclusion
This study improves the visualization of vibration intensity field using streamlines representation. A clear vibration power flow transmission paths can be achieved using streamlines representation. Not only in the computation results, the streamlines representation calculated from the experimental work also shows good result to identify vibration source and transmission paths of vibration energy.
By using streamlines visualizations, the number of measured points for vibration intensity can be reduced. This is important for a large surface plate-like structure that requires many measurement points. Not only decreasing the number of 한국소음진동공학회논문집/제 22 권 제 8 호, 2012년/783 measured points, detail vibration power transmission paths can also be obtained.
By using vectors representation, the direction of the transmission path is ambiguous at many other regions especially for large surface plate-like structure. Streamlines representation can be the best alternative since streamlines visualization provides better representation at all measured points than the vectors visualization in general.
By using streamlines visualization, the changes of the power flow transmission can be clearly observed in comparison to vector representations. Significant changes of vibration power flow transmission pattern can be observed at different respected resonance frequencies.
Although the streamline cannot indicate the relative magnitudes of vibration intensities, this representation provides a better means of visualizing the dominant power flow paths.
